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Probe and system for extracting gases from a process 
environment 

b , ... 

The present invention relates in general to systems for the 
regulation and control of chemical processes which involve 
the production of gas # for example processes of combustions 

Systems are known for the extraction of gases from a furnace , 
provided with probes to be mounted within the furnace, in 
which the gases extracted are conveyed to analyser devices . 

For the extraction of the gases such systems utilise a small 
pump of low power and low pressure, in suction (through the 
probe) . This implies treating the gases hot /moist, giving 
rise to corrosive acids which attack the couplings, the tubes 
and the various components involved in the flow of gas, 
aggravating the situation. For the purpose of avoiding the 
precipitation of condensate in the system (because it draws 
in " hot /moist gas), it is necessary to heat the aspiration 
tube, the filter and the tube but with declining results 
(problems of packing, acids etc) . 

The probes further have serious problems of blockage of the 
gas aspiration tube, which make operation unreliable. 

Moreover, in traditional probes the filtering of dust is 
achieved solely by the filter which is overloaded and becomes 
clogged. The cleaning of the probe is achieved by a washing 
cycle with compressed air (programmable) but often it is 
insufficient fully to restore it and, moreover, this 
introduces contamination into the gas to be analysed. 
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Because of these problems the. values of the furnace gas 
analysis are approximate and irregular, leading to a 
misunder standing of' a correct management of the line, 
especially in the presence of alternative fuels. With these 
latter, even the best probes currently in commercial use show 
their limits. Only by meticulous and continuous surveillance 
and maintenance by man is it possible to obtain results, 
which even then are only just sufficient. 

O - ^ {*oro p<3<ae I 

(toe object of the invention is that of providing a porobc for 

c^y^cTmq ^ q^eoui ffoicf To be, &rtMyse,J 

rise — (detraction — o€ — §ase# from a process environment which is 
able to prevent or at least reduce the occurrence of clogging 
of the probe, that is to say to guarantee continuity of use 
without continual maintenance interventions , (with 
improvements in the gas extraction system andTrel lability of 
the analysis) . 

4- 

This object is achieved according to the invention by a p6robe 



for extracting off gas es from a 'process environment having the 
characteristics defined in Claim 1 



Preferred embodiments for the probe are defined ±ja the 
dependent claims . 

Another object of the invention is ghat of providing a system 
for the jEXtracplon^of gases - f romV~a process environment^ whirch 
reduces — ia — the moot — complete manner — the — Ingres o — ef — duat — and 

condensate through the probe , — as well as guaranteeing 

continuity and reliability of the analysis . 



This — obj e ct — is — achieved — according — fee — the — invention 
system for extra cting_ _ ^pg^g — ^fxont a process environment, 
^ thcTcharactcriGtica defined in Claim 11 . 
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GB-A-1 445 061, US-A-4 336 722, DE 44 30 378 Al, CA-A1-2 196 
846 and US-A-3 938 390 disclose systems for extracting a 
gaseous fluid to be analysed from a process environment. 

In particular, GB-A-1 445 061 discloses a system for 
extracting a gaseous fluid to be analyzed from a process 
environment, comprising: 

a probe for extracting said gaseous fluid, comprising a 
first tubular element, which can be positioned within the 
interior of the process environment, the said first tubular 
element having at one end a gas aspiration opening and 
defining an internal cavity, and a second tubular element 
extending within the cavity of the first tubular element, the 
said second tubular element being operable to inject the said 
gaseous fluid into the interior of the cavity towards the 
said aspiration opening of the first tubular element and from 
there again into the process environment, 

aspiration means for aspirating the gaseous fluid from 
the process environment through the cavity of the said first 
tubular element of the probe, 

take-off means connected to the said aspiration means 
for taking-off a fraction of the said gaseous fluid, the said 
take-off means being further connected to analyzer means for 
analysis of the said gaseous fluid, and 

re-injection, means for re-injecting the said gaseous 
fluid into the process environment through the second tubular 
element . 

The system of GB-A-1 445 061 solves the problem of preventing 
the clogging of the probe only in a limited way. 
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Preferred embodiments of the system are defined in the 
dependant claims. 

This system, by co-operating with the probe according to the 
invention, lowers the dust (filter less stressed) , makes it 
possible to dry the gas (no clogging and no origination of 
acids) and is self cleaning without the aid of compressed air- 
but by utilising the same process gas (continuity of analysis 
since it is not altered) . 



Its use makes it possible to extract combustion gases from a 
furnace so that they can be analysed by means of classical 
analysers. It makes it possible to obtain reliable analysis 
of the combustion gases of the furnaces. Consequently, there 
is the possibility of optimising the control of the 

T 

installation (reducing fuel consumption and improving the 
quality/ quantity of the furnace product) and of 
monitoring/reducing atmospheric emissions. 

<-> <*> 

It is applicable to any type of furnace (in any conditions of 
use; temperature, dust level, steam, acid etc) with any type 
of fuel (even alternative/waste disposal fuel) and any type 
of process material . 

The probe has been designed for cement furnaces but can be 
used in process environments in industries of different type; 
steelworks , thermo-electric plants , chemical /petrochemical 
industries, carbon grinding and storage, incinerators, 
explosive powder storage silos, that is to say in all those 
sectors where it is required to extract gas for subsequent 
analysis (furnaces, silos, chimneys, pipework etc) . 
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The salient characteristic of the probe and the system 
according to the invention is the reduced necessity for 
maintenance. This is achieved by avoiding aspiration of 
dust/condensate, and thanks to the violent and continuous 
spraying of compressed gas ensured by the compressor. 

The filter has a long life since it is self -cleaning by means 
of the powerful counter current flow of gas during the rapid 
discharge for probe cleaning - 

Moreover a reduction of dry dust is achieved by using the 
compressed gas from the furnace and without a water spray. 
There is moreover a drying of the gas with consequent 
reduction of acids. The system is self -cleaning with a 
continuous cycle, again by the effect of the compressed gas, 
and therefore does not require the washing cycle with 
compressed air which would falsify the gas analysis (by 
polluting it) but by using the gas from the furnace. This 
avoids having to use a large number of control panels for the 
treatment of the gas (with filters, antacids, bubbling 
chambers etc) , control panels for solenoid valves and various 
dedicated electrical control panels (with PLC) . This leads to 
a reduction of the associated problems and costs* 

For use at high temperatures the probe is water-cooled. It 
.has an anti-condensate interspace for decoupling . the hot zone 
(gas circuit) from the cc>ld zone (cooling water jacket), 
permitting the gas extracted to maintain its temperature. 
This arrangement avoids the formation of condensate in the 
inner wall of . the aspiration tube, thereby minimising 
clogging of the dust. The two chambers for gas and cooling 
can be separated because they are coupled with flanges. This 
makes is possible to remove only the gas circuit from the 
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furnace (for a possible inspection and cleaning , even with 
the furnace in operation) leaving only the cooling system 
fixed to the furnace. 



/The reliability and continuity, of the system makes it 
/ possible to utilise its output for automatic furnace 
/ management (not having compressed air washing which gives 
^7>=( rise to 02 peaks). The capacity of the- compressor is high, 
\ therefore the response is faster than in usual systems, and 
\ possible micro-losses have no influence. Consequently a more 
\ reliable analysis is achieved. 

■ 

The probe is easy to install in a short time, not requiring a) 
great deal of work for adaptation of the existing system to 
<(fV^{ be. able to connect it. Moreover, it does not require a great 
deal of care in research for the optimum positioning in the 
furnace (the minimum dust point etc) . 

A preferred but non- limitative example of the invention will 
now be described making reference to the attached drawings, 
in which; 

- Figure 1 is a general diagram of a system for the 
extraction of burnt gases from a furnace according to the 
invention; 

Figure 2 is a schematic side view of a probe for 
extraction of burnt gases from a furnace, according to the 
invention; 

- Figure 3 is a schematic side view of a probe of Figirre 
2 without the cooling jacket; and 

- Figure 4 is a schematic side view of the cooling 
jacket of the probe of Figure 2. 



WO 2005/098392 PCT/IB20 05/05 1145 



8 

aspiration tube 2 (second tube) and makes it possible for the 
gas withdrawn not to be excessively cooled. The gas is 
aspirated into the chamber CA constituted by the first and 
second tube 1, 2 and injected again into the interior of the 
furnace through of the concentric central tube (first tube 
1) , by means of a compressor C. The furnace side end UG of 
the central tube is throttled so that the ejected gas is 
compressed. Preferably, this end has a nozzle. 
Alternatively, the same central tube 1 can be design ed: — fee ' 

Tube fov 

Y"inject\i^the gas towards the probe head TS (for example it can 
be formed as a capillary tube) . .In this way the gas acquires 
a certain pressure and kinetic energy, constituting a barrier 
against dust and effecting cleaning of the probe head TS. In 
substance the gas is aspirated through the piping 40 and 
returned to the furnace with an adequate pressure and 
velocity through the piping 50 , by means of the compressor C. 
In the gas aspiration and delivery circuit 40, 50 (furnace - 
compressor C - furnace) there is fitted a branch 41 which 
delivers a small percentage of fluid to be analysed to 
traditional analysers Q2 CO NOX by means of a pump PM with a 
take off upstream of the compressor C. "Vtfpstream of the 
analysers are disposed a regulator RF for the flow of gas to 
the analysers and a sensor P2g for control of the pressure of 
the gas to the analysers . These analysers are moreover 
protected by a filter F3G, which acts as an anti- 
acid/condensate; Downstream of the analysers is disposed a 
gas discharge SG exciting from the analysers. 



Before reaching the compressor C and the pump PM the gas is 
suitably filtered by upstream filters FIG and F2G in the 
aspiration piping 40. The filter FIG is connected to a dust 
decanter D to reduce the possible dust present in the 
<^>= circuit . <^The high flow rate of the circulating fluid 
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guarantees short response times which benefit the management 
of the furnace ./ 

A sensor Pig for control of the gas pressure of the 
compressor and a valve VSG for gas overpressure of the 
compressor C are connected to the delivery of the compressor 
C. . 

There are also two reservoirs S1G (depressurized) and S2G 
(pressurized) in the system, on the aspiration and delivery 
sides of the compressor C respectively. These perform the 
function of collecting the condensate and stabilising the 
pressure/depression of the compressor. In particular, the 
reservoir S2G forms part of a refrigerator/dryer RE for 
reducing the condensate. Downstream of the reservoir S2G xs 
connected an automatic condensate discharge valve VAC 
arranged to discharge the condensate SC. The reservoirs are 
also furnished with two timing solenoid valves EV1G and KV2G 
activating the respective servo-valves in a cyclic manner for 
times which can be set, depending on the requirements. The 
solenoid valve EV1G is a two-way valve mounted between the 
depressurized reservoir S1G and the aspiration of the probe 
S, and has the function of stopping the aspiration from the 
probe S so that the thrust of its delivery is reinforced to 
improve the cleaning of the probe head. Downstream of the 
solenoid < valve, EV1G is disposed a sensor. Fg„ .for„ control of 
the flow of gas to the compressor C. The three-way solenoid 
valve EV2G mounted upstream of the preceding one, has the 
function of violently discharging, with a full jet, the 
quantity of fluid in the pressure reservoir S2G, towards the 
aspiration tube 2. This enormous quantity of fluid flows a.t 
high velocity in the opposite direction from the normal flow, 
sweeping towards the furnace interior any possible deposits 



WO 2005/098392 



PCT7IB2005/051145 



11 

furnace, avoiding transporting them along the analysis 
installation. This is of benefit to the tubing, the 
connectors, the compressor, the pump, the analysers, and the 
control and security sensors, and will, result in a greater 
efficiency and duration of these. Moreover it is possible to 
make these of more economic commercial type and it is not 
necessary for them to be of the more expensive anti-acid 
type. The probe and the system according to the invention 
reduce dust (less stressed filter) , dry the gas (no accretion 
and no origination of acids) and the probe is self -cleaning 
without the aid of compressed air but by utilising the same 
process gas (continuity of analysis since it is not altered) - 

The strong point of this probe is the compressor central- 
tube which permits the gas to re- circulate to the furnace 
with a certain pressure and kinetic energy. Naturally, in 
place of the compressor it is possible to utilise another 
type of continuous cycle machine. 

With the compressor and the branching principle one obtains 
dust-free and dried gas (by the barrier effect) and. self - 
< C^) = \ cleaning head without the necessity for the compressed air 
washing cycle (by means of a continuous cycle without 
interruption and alteration of the analysis gas) . 
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CLAIMS 



1. A system for extracting a gaseous fluid to be analysed 
from a process environment, comprising 

a probe (S) for extracting said gaseous fluid, 
comprising a first tubular element (2), which can be 
positioned within the interior of the process environment, 
the said first tubular element having at one end a gas 
aspiration opening (TS) and defining an internal cavity (CA) , 
and a second tubular element (1) extending within the cavity 
(CA) of the first tubular element (2), the said second 
tubular element being operable to inject the said gaseous 
fluid into the interior of the cavity (CA) towards the said 
aspiration opening of the first tubular element (2) and front 
there again into the process environment, 

aspiration means (40, C) for aspirating the gaseous 
fluid from the process environment through the cavity (CA) of 
the said first tubular element (2) of the probe (S) , 

take off means (41, PM) connected to the said aspiration 
means (40, C) for taking off a fraction of the said gaseous 
fluid, the said take off means being further connected to 
analyser means (AG) for analysis of the said gaseous fluid. 

and 

re-injection means (50, C) for re-injecting the said 
gaseous fluid into the process environment through the second! 

tubular element (1) , 

characterised in that the said aspiration means (40, C> 
and the said re-injection means (50, C) share compressor 

■ 

means (C) , said compressor means having an aspiration sides 
and a delivery side, wherein the said first tubular element 
is 'fluidly connected to control valve means (EV2G) operable; 
to fluidly connect said first tubular element selectively 



lib 

with one of the said aspiration side and said delivery side 
of the compressor means, and 

in that the said second tubular element is disposed in 
fluid communication with the delivery side of said compressor 
means through a reservoir (S2G) , the said second tubular 
element being throttled in such a way to accelerate the said 
gaseous fluid flowing through it and, at the same time, to 
allow an accumulation of the said gaseous fluid upstream 
within the said reservoir, 

in such a way that the system can assume an aspiration 
condition, wherein the gaseous fluid is aspirated through the 
said first tubular element and is partially re-injected 
through the said second tubular element and partially 
accumulated by the said reservoir, and a back washing 
condition, wherein the gaseous fluid is released by the said 
reservoir through the said first tubular element by means of 
activation of the said control valve means (EV2G) . 
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CLAIMS 



It A — probe for — extracting — g a ses — from — a — proce 

environment comprising a tubular element (2) , which, can, 
positioned within the interior of the process enviroziment , 
the said tubular element having at one end a gas aspiration 
opening (TS) and defining an internal cavity (pA) by which 
the said process environment cam be P}*t into fluid 
communication with a gas take off system/ characterised in 
that it further includes injection meatus (1) coupled to the 
first tubular element (2) , operable to inject the said 
gaseous fluid into . the interior of the cavity (CA) 
accelerated towards the said aspiration opening of the first 
tubular element (2) and f^dm there again into the process 
environment . 



2. A probe according to Claim 1, in which the said injection 
means comprise ar second tubular element (1) extending within 
the cavity t£A) of the first tubular element (2) , formed in 
such a w^ty as to be able to inject the said accelerated 
gaseou^r fluid towards the said aspiration opening of the 
fir^t tubular element (2) and from there again to the process 
Lvironment . . 

2. A probe according to Claim in which the end of the 

second tubular . element (1) disposed on the side of the 
aspiration opening, that is to say the process environment 
side r is provided with a nozzle (UG) . 

A p^efee according to Claim 1 or 2, in which the said 
first (2) and second (1) tubular element are coaxial. 
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p. A probe according to Claim t£, including connector 
elements (CR,T) , pierced nuts (DT) and gas tight seals 
operable to assemble the said first (2) and second (1) 
tubular element and to render the second tubular element (1) 
slidable with respect to the first tubular element (2) . 

j& A p*?obe according to any preceding claim, further 
including a cooling jacket (CRA) disposed around the said 
first tubular element (2) . 

7. A probe according to Claim X/ in which the said cooling 
jacket is disposed in such a way as to define an inter space 
(IN) interposed between the said jacket and the first said 
tubular element (2) . 

JB\ A p robe according to Claim jS or in which the said 

cooling jacket is assembled in a separable manner from the 
said first tubular element (2) of the probe (S) * 

8 syjta** ... . 5" 7" 

X- • A pfcefee according to any of Claims from to in which 
the said cooling jacket is connected in fluid communication 
with a low temperature refrigerator with a closed fluid 
circuit. * 

yS. A probe according to any preceding claim, further 
including a shielding element (CP) disposed in proximity to 
the said aspiration opening (TS) . 

3r3rr A system £er extracting gases from a proc^o 

environment, which can be coupled to a pr^be^a^Cor^ing to any 
preceding claim, comprisingui^^ C) for aspirating the 

gas f rom th^^pxx^cGSQ environment through the said first 
taifllTare 1 ement — (-2-) — of the probe — (-S-)-/ — character iced in that 
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±t ■ further includes me an 3 — fs-e-? — — for re injecting the caid. 
gas into the probe/process environment, disposed in fljn_d 
communication with the said injection means (1) of the probe 
(S) . / 

12. The system according to Claim 11 , in whichr the said 
means for aspirating the gas (40, C) and the said means for 
re-injecting the gas (50, C) comprise a* coiraton continuous 
cycle machine (C) operable to aspirate, coimzfress and inject 
the said gas back into the same process environment, that is 
to say to confer pressure and kinetic energy on the gas „ 

13. A system according to Claim 22, further including a 
reservoir (S2G) disposed in the/ delivery of the said 
continuous cycle machine (C) for/stabilising the pressure in 
the said injection means {!)/ of the probe (S) and for 
obtaining a rapid discharge of the gas cyclically for 
counter -current cleaning vy the said first tubular element 
(2) of the probe (S) , thajz: is to say to effect back washing. 

14. A system according to Claims 11 to 13, further including 
control means (EV1G/ EV2G) , operatively connected to the said 
means for aspirating the gas (4 0, C) and the said means for 
re- injecting th£ gas (50, C) for effecting probe cleaning 
cyclically, arid continuously with the same process gas. 

15. A system according to any of Claims 11 to 14 , further 
including take off means (41, PM) connected to the said 
aspiration means (40, C) for taking off a fraction of the 
said/gas, the said take off means being further connected to 
anaULyocr means (Q2 - CO - NOX) for analysis of the oaid gac . 
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1*6. A system according to airy\ ©•£ Claimj* ii — feo — further 

dry ma mear>5 

including decanter means (D)Ydispdsed downstream of the probe 

>nd vncco rid &nsS]e. 

(S) in such a way as further to reduce the dustfin the said 
gas. 

yf . A system according to anjr &£ tlaims W= — to ! ■€-, further 

including a vacuometer (Vg) connected to the first tubular: 

element (2) of the probe (S) and a manometer (Mg) connected 

^cancj ^bu^v elevne^t" t x ^ _ , . ^ 

to the injection me ana (1) of the probe (S) for monitoring 

the operation conditions of the probe. 
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12. A method for extracting and re-injecting a gaseous fluid 
to be analysed from and to a process environment, the • said 
method using 

a probe (S) for extracting said gaseous fluid, 
comprising a first tubular element (2) , which can be 
positioned within the interior of the process environment, 
the said first tubular element having at one end a gas 
aspiration opening (TS) and defining an internal cavity (CA) , 
and a second tubular element (1) extending within the cavity 
(CA) of the first tubular element (2) , the said second 
tubular element being operable to inject the said gaseous 
fluid into the interior of the cavity (CA) towards the said 
aspiration opening of the first tubular element (2) and from 
there again into the process environment, 

wherein the method comprise the following step: 

aspirating the gaseous fluid from the process 
environment through the cavity (CA) of the said first tubular 
element (2) of the probe (S) , 

taking off a fraction of the said gaseous fluid for 
analysing it, 

re -injecting the said gaseous fluid into the process 
environment, through the said second tubular element (1) of 
the probe (S) , 

characterised in that the said gaseous fluid is only 
partially re-injected into the process environment, a portion 
of the gaseous fluid being accumulated apart, and 

in that the method comprise a back washing step, wherein 
the accumulated gaseous fluid is released into the process 
environment through the said first tubular element. 

13. A method according to claim 12, wherein the said back 
washing step is performed cyclically. 
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